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This docuilent is an instructional module package ' 
prepared in objective for-m for use by an instructor familiar with 
operation of activated sludge wastewater treatment plants. Included 
ure objectives, instructor guidesg^ student handouts, and transparency 
masters. This is the first of a three module series and considers 
def ini tion ,of terras, design and operation parameters, process 
observations, basic process controls >ajid control tests. 
(Author/RH) ^ J . ■ 
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Module No: 



•SUMMARY. 



Paqe 4 



Approx: Time. 



14 Hours 
1 • - • 



Module Title:- 

Basic Activated Sludge 



Topics: ' 



1. Introduction " r 

•2. Definition of terms' . 

3. Conventional activated sl^udge,, design & .operation param^ 

4. Modifications to»the conv^ntionafl system 

5. Process observations / • \ i 

6. Basic process control ' \: . 

7. Operator cbrttrol te^ts ' - 



Overall Objectives: ' \ . • ' \ 

.Upon completion of this ,module the operator should have^ a b*asic knowledae of the 
aetivgted'sTudge protesS of wastewater treatn^nt, be able to calculate basic 
process parameters, be able to jpun 'operations tests, and be able "to p>ot,basic 
trend charts • ^ • • . ' 



Instrnjctional Aids: 

Handouts 

Transparancies 

CalcMlatqr 



Instructional Approach: 

Lecture * 
Discussion * , 
Demonstration 
Exercise • 
Hands-on 



References: 



1. ' Water PoTlution'SDntrol Federation MOP 11. * j\ * . 

2. Manual of InstrucCTon for^Sewage Plant Operators^ (New York ManJial ) • ' ' / 

3. Operational Control Procedures^' for the 7\ctivated Sludge. Prj)c;ess , Parts I, II-, 
and Appendix, ^ • ^ * . 

4. ^ Operators pocket guide to Activated Sludge,' Parts •! ^nd I-K- i , 



Class Assignments : ^ I 

1. Given handouts to be read^ 
2., In class ^problem solutions 
3, Performance of control tests 
Plotting trend ^charts 



r # » 
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Module Ho: 



'SUMMARY 

^ TofkijcA ' ^ 
Basic 'Activate^Tudge ' ' ' 



Page 



Instructor Notes: 



Instructor Outline: 



5. 



■I 



A Handouts should be distributed as they appear 
. ^ in the module, - . . ^ 

. • The module includes traditional lecture, in 
plass problen^ solutions and hands on activity, 

12 X 20 division per inch graph paper shouM*^ 
be made avai Table to ttie student for trend" - 
chart plt)tting, ^ ^ 

Laboratory equipment and glassware utilized to 
perform the "control tests" are listed in the 
appendix - Operational Control Procedures for 
the Actii^ated. Sludge Process, 

The module would be most approoriately deliveced^ 
in an activated sludge treatment^acili ty as 
samples of process streams are peeded to perform 
the control tests. It is also appropriate to 
be able to actually observe aeration tanks and 
clarifi,ers .as the topic "Process Observations 
is di-scussed", • - 

Micros cope (s) should be avail ab-le to observe 
^the microorgaaisms existent in the mixed liquor. 

Part I,' Part II, and j^.ppendix to the Operational 
Control Procedures for the Acti\j2fted Sludge 
Process may be obtained from: 

Environmental Research Center- 

U, S.' Environmental Protection Ag?ncv 

26 w:. St, Clair Sfreet 

Cincinnati, Ohio '45268 

Operator's Pocketi Guides" for the activates sludge 
process may be obtained from: (NominsrI cbarpeX 



Stevens, Thompson & Runyan,' 
5505-S. EvMilviaukie Ave, 
Box 02201 . • , • 
Portland, Oregon 97202 >^ 



Inci 



The evaluation includes the written test and for 
each student to perforin the control tests and 
plot da^|:a trend, charts to the satiSuf^ctiojr- of the 
"instructor, ^ . ■ • . ^ 
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Module Ho: 



Approx. Time: 



1 hour 



flodule Title: . 

Basic Activated Sludge 



SubuK)dule Title: 



Topic: ^ 

Introduction 



Objectives: ^ ^ ^ 

' I. Define the* activated slud^ process and its Edifications (as defined in 
WPCF MOP 11). . ' * 

2. ^List three basic operational requirements, (A. Adequate numtJer/of ' 

microorganisms. B. Suitable environment i.e- D.O, C, Ability to settle 
i .e.' separate). . ^ " * ' * . 

^ 3. List the ty[iical^ facility units (aerj^ation tank; oxygen supply; final 
' setting tanks; pumps for i^eturn sludge and waste s.ludge flows and their 

'purposejj^. ' , 

4. Sketch and label a'typ-rcal conventiona-l activated sludge flow schematic. 



Instructional Aids: 



I. Transparancie^ 




Instruc^^^^al Apprc^h; 

L Lecture 
2. -.Discussion 



References: ' ^ - * * ^ ' 

1. Welter Pollution Control Federation MOP 11 (WPCF MOP 11). 

2. Manual of Inst.ruction-for Sewage Treatment Plant Operators (flew York 

3. "Operation Control Procedures for-thg Activated Sludge Process, Parts 

and Appendix .(OGP for ASP). . " 

^^^^ * . 



Manual ). 
I .and II 



Class Assignnttnts: 
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Module Ho: 



To|/ic; 

IntriD^uction 



Instructor Notgs : 



Instri/ctorOut/lne: 



From MOp J?, Page 118 



0 - 



I. , Definition of the- activated sludge process: 

— The activated sludge" process and its 
TOdificatiort^ mfty be defined as the 
contacting-of. p'f^formfed bioloai cal" floe 
(activated sludge'i with, incoming waste in 
an Ser^ti on ,tank sbpplie4 wi.th sufficient 
dissolved oxygen to maintain agrobic 
conditions throughout thefecess, followed 
by liquid solids separation tti a settling 
tank. .y, ^ ■ 

Ilr There are th^ee basic oDeratibnal reQuirements 
Tor the activated. sludge process. 

A. i Microprganisms . * " \ 

An adequate number of microorqanisms as 
ne^detl to assimilate t|ie suspended, 
- colloidal, and dissolved organic materiaT 
in the.was^t-ewater to form the final end 
products ; of carbon dioxide, water and • 
.'. -inert materials. 

%. 'Suitable environment 



\ 



\F4ijure I ; * . " ' 



^ .An aeratu)rv4:an.k/with sufficient dissolved- 
•oxygen, substrate and nutrients 

C. ^ Separation 

' yje. activate* sludge must be of a qualitv 
' that readily sei)^h^tes from the treated" • 
wastewater in 'the settling tanks'?: . 

ni. The following, units make up"' the typical 
c<^ventional activated sludge -facility.^ 

A* Aeration tank 

^ > 1 . ■ . • - - 

t. ' Basin into which raw waste (system 

\ - ?ff^M"^''^^"'"'•'' ^^r^'^iers) 6r primary. 
\ effluent flows-. - V 



PRELIMINARY 



TREATMENT. 



PRIMARY 



■ -TREATMENT" ' - 
WASTE SLUDGE FLOW, 



■ • '-SP€flijJ3ARY 



TREATMEN1 



<6 



CLARIFI^-SLUDGE FLOW 



RAW 

/WASXEWATER 



PUMP 
STATION 



^W 
A 
S 

'V 

E 



PRIMARY 
^CLARIFIER" 



BAR 
RACK 




RETURri^ 

SLUDGE 
FLOW 



CHLORINE 
•CONTACT 
TANK • 




rY* '^AERATION TAffK 

' :c \ ' ' 

E 



p secondary" (final) 
> ' clarifier 
!m. ■ ' 



il 



TO SLUDGE DISPOSAL 
(THICKENER, CENTRIFUGE, . 
DIGESTER, ETC.)' 



IL-' 



'8 



. — I 
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FIGURE 1 
CONVENTIONAL ACTIVATED SLUDGE 
- PROCESS SCHEMATIC , 
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Instructor Outline: 



Students should use 'the 
proper vocabillary (iiid the ' 
instructorj_ i.e. be careful 
. the proper name for' a ^iven 
process flow and/or unit. 

Example: 

The clarifier sludge flow is 
that flow of solids being 
rembved from the bottom of 
the secondary clarifier 
ClarifiQr sludge can 
then be directed either. to 
the aeration 'tank and/or wasted, 
Sq return sludge flow plus ' 
waste sludge flow equals 
clarifier sludge flow-. By > 
being speci fi c'the operator ' 
then can address' exactly the 
proeess flc^ beiijg considered. 



: — ^- 

2. .Solids frbm the secorftiary clarifier, 
. return sUdge, also are pujnped-into 

the basin. 

3. " Provides tL detention necessary 

|ar biologilcal activity to occur. 

4. - Contents called "mixed' Ijquor". 
■ • \ 

B. SetoVidary clarifier 

\ ' ' 

1. Basin' into whBch the overflow from 
the aeratio^i tank flows'. 

* \ > 

2. Purpose is forlliauid solids 
separation to occur. 

" * \ * • 

3. Generally some typ^of sludge ; ■ 
. acraping device.! 

- ' ' \ 

. ^; ■s^'j'f.^j'"^^'^-^'"^^ ^ reipove the, settled 

5. Overflow gen^rallFf lows fnto chlori/ie 
contact tank or teVtiary treatment 
umts. ' 

C. ' Pumps > 

' ' ' ' *5 \ . ' 

1. To re'move sludge frdm seconda'ry • 
• clanfier with capability of returning 

sludge tp aeration tknk-or to<emo:Ve 
. wast6^{excess) sludgA from the ' ' 
•secondary, system. 

-*2.. Should have ability td measure the 
■ sludge flows directed 'to the aeration 
tank. or to waste. ' 



Dlefinition of Terms 



Instructor Nates' 



Instructor-Out) Ine: 



D- Oxygen supply • • , > 

There are two hiaih systems" 'for provxlinq 
aeration.- • ' . ^ • ; ^ 

* » * \-~ 

, -» A> ■ ■ • 

1. Diffused air systenf. Aiw supplied ^* 
by flowers under relatively low ' * 
pressure (8^ 10 psi) -forced through 
a- porous, material. Jhe porous 
• ' material may be a plate, tube, or -• 
some' type of synthetic material. 
Generally a. sparger i.s^an air 
diffuser designed to give large 
bubbles'. A diffuser is generally ^ 
the Tabel given to the, porous * 
material whicjL provides- f.i he bubbles. 
. . »■ Ihe blowers are generally either 

positive disljTacernent or- centrifugal 



'7 1 



I /all 



There are 



'Mechanical /aferators. ...c, ^ 
several ty|ie^- of mechantcal aerators 
n'n usa^e. 



a. 



^Surface mechanical aerators are 
either mounted dn^a fixed 
platform (bridge for float on 
the liquid surface. The aeration 
intensity 1s varied either by - 
varying, the deptjq of submergence 
(usually by adjusting the 'aeration 
tank overflow weir. up or down) or 
, by varying the speed of rotation '' 
"(frequently two speed motors' * 
power the fixed bridge aerators ) 

m 

Vertical draft tube. The mixed- 
liquor is drawn up (or down) 
through a vertical tabe by *a 
revolving impeller. Jhfere are 

.also aeration systems wliich \ 
combine diffused air and a ' '* 

.mechanical device or tufbine,' 
In all of the .systems the purpdse , 
is two- fold, to provide o'xygen 
and' to mix the Contents of the 
aert^tion tank A » 



Module No; 



Page .11. 



rotroduction 



Instructf)r Notes: 




A Instructor OutHne; 



Conventional^ activated sludge t>rocess 
schema t;ic. - if. - . . 



Although this is -inte-nded to be* a coiirse 
in activated sludge-, the inHructor should • 
go oyer Figure 1 in' detail. Note-the 
prelihiinary treatment units and their " 
purpose, primary treatment units- and their 
« purpose, and th^n the acti vate^f sVudge units 
(secondary-treatment).. Pdint o<It the manv ' 
possible flow configurati6ns and, emphasize- 
Ahl iiS^r l^''^''^ operator to know • 
WHif^- ^^^V^diagVam for his facility. 
While diseasing the. secondary treatment ' 
•process un.its.do not foroet "recycle-" flow ' 
possibi ities. Supernatant fro7anaerob?c " 
' OmH^ ? overflow from gravity 

sludge thickeners, recycled flow from sludge' 
. furnaces, and other pos^^ibil ities which cT- 
De of significance when calculating the' '' 
organi c .1 oad ,to- the aeration, tank afrd/or •■ ' 
troubleshooting process ups§ts 



/ -r- 
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Module No: 



lApprbx. Tfwe: 
J hour . 



. Basic Activated Sludge 



Subm6du1e Title: 



Objectfves; ' 



Topic: 

Definition of Terms 



c'^^rnn^j;'"\\'^V"3"^^^^^^ A. .'AdsorptW; b' AbsorDtion- 



[Instructional Aids; 

\. 

1. Handout 

2- Jre^nsparancies J; . 



Instructional Approach:' 



1. ' Lecture 

2. Discussion 



V- 



References: -v • . _ 

.1. WPCF MOP 11 , . ' - ' . , 

, 2. .n: Y. Manual ■ / . 

3. -.Operator's ^dckfet Guide to Activated Sludae Part \ ^r.A ^^ ■ 
Thompson & Ryan, Inc., Portland, O^on & Lld^ 



I'lmJie Ho: 



'•Tdf>ic: 
Defini tion 



of^r^rms 




Student, Handout- 1 



The defiriitipns on the student 
handout are taken pri manly 
from MOP- 11. Some are taken 
•from the "operator's pocket 
guide to activated sludge". 



Figure 2^- Ideal Growth Curve 
MOP 11 Discussion •covers this 
topic satisfactorily. 



Instructor Outrihe: 



Figure 3 - Relative 'E^re- 
dominance of Microorganisms 



The operator must learn the vocabulary of the 
activated sludge process. The terms on the' 
handout are not- the totaj of those tgrms the 
.operator wiU be using, rather only some of 
the basics. 'Each should be discussed in context. 
The list should.be expanded, that is, give 'the 
student an opportunity to add terms' to the - 
handout if there are some which he does not 
. understand. .' ' >- . - 

A basic understanding of the activated .sludge 
system requires the student to understand how 
food ts utilized and bacteria grow in response 
to the food. The vertical axis is the mass 
(nutnber of' organisms) , the 'horizontal axis 
IS ti'me. 

Discuss the "phases-'' including"" relation of F/M 
and the relative predominate microorganisms 
expected in each phase. , • 

Figure 3 can be- used as an overlay to Figure- 2. 
Note that the "food" remaining curve is' fcoincidetit 
©n the two figures. > 

It is also important- to note where the " 
"conventional" process .fall operationally 

Itll ?S y^^^^" '"^ niioroorganisms • 
that should be-in evidence. 







/ * 
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student Handout I 


* / ■ . Page • 1^ 
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ACTIVATED SLUDGE TERMS AND DEFINITIONS ' ' < / . 








^ * From MOP 11 \ . ' ' , • ' 




• 


Absorpti on 
Adsorption 

• 


• The taking, up of one substanee into the boxly of ' 
a.nother. ' ■ 

• The adherence of a aa^ linniH nv* ri4 6cni\/Q/4 






Coagulation 


material on the surface of a solid.-: - 
The destabilization and initial aggregation of 








^ colloida^l and finally divided suspended matter 








• 

c ulc dUMi^iun OT a Tioc Torming cheimcaJ ov 
by biological processed. 






i _ _ 




» 


♦ Colloids 


1 1 lie ijr u 1 V 1 ut:U i I Ub Uld t Wl J J nOt Se uX 1 Ct- DUt 








may be removed by coagulation,'b|oehemica'T: aetion, 
or membrane filtration. ~ r-. . 

- — n v^ruwbfi priabtf \\\ wm Cfi -Lne amount ot avaij.imDr^ ' . 

foilcUie^ijis to limit cell growth. 


f 


— £ 


Declining Growth Phase 






Endogenous. -Phase 


The grow'th phase which ^due to a lack of ' 
available 'food and cannabalism between cells 




• 


Floe (sjudge floe), 

• • 


, results in a net cell death. ' ^ 
jiiiaij yciauiMuub iiidbses Toniiea in a iiguid by mm 
agglomeration of smaller particles. 


• 




F/M ' • • ' 

* 

* 

• • 


Food to M1 rrnnv*n;^nrcm v^afin TWi-Je 4*. '4* ' 

» vv-Fu 1 1 1 Vi'i uur ^dii I bill ratio, ims is a 
..calculated rati& of the pounds of food (lbs."^OD)' . 
•flowing into an aeration tank divided by the " 
pounds o^Tsolfds in the aeration tank (lbs.* 
- Tsuspe>ided -solids). Note: Sojne operators use 


ERIC • . ' 




~^^the-volatile suspende'd solids in th^cale^jlation. 











student Haridout I (cont. ) - , • ^^9^ -15_ 



Log-Grewth Phase ' " A growth phase in which cell/oductiori is at 

• ■ ^ ■ . . ■ n 

a maximum t abundance of food and suitable' • 
\ ' ^environment- (oxyggi, tempa|tc.) 

Mixed Liquor - The contents of en aeratio^tank - the mixture 

^ 'I ' ^ Vesulting/rom the combinati'on, of return sludge, 

and primary effluent . (raw sewage if primary 
treatment umts are not a pant of ttie fa<:1lify.'j 
Return Sludge , That' portion of the settled sliiige removed from 

. . . the <;larifier which is returned"' 'to the. aeration 

■ ♦ . , . tank.: • ' • , - ■' "\ •. » " , 

_Sludge Bulking ; . A conditi6n of acti\^ed sludge .during wWch V 

) ' • ' the sludge occupies excessive voTiimes and will 

' ■ ■ ^ • not- concentrate^ readily. , V: ' 

Stabilized : , That quality of a waste or sludge .Ifien there • 

^is no capability for further change\^ ■ 
Waste Sludge, • . /. /That sludge which is remo/ed,from th^s^con clary. 

■ • ■ ' / ' ' t'^eatment units^j. " It is^enerally a porfi on'^af- 

^ " 7 .that- sludge withdrawn from the clarifi^^,, 
.. , ..... however, some activated sludge plants hav§ 

the ability to waste mixed liquor. \ 



Page 
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Module No: 



Approx, Time: 
3 hours 



ftodule TUl-e: 
Basic Activated Sludge 



Submodule Title: 



Topic: 

Conventional Activated Sludge - Desisn and Operation Par^ameters 



Objectives 
1 



Using the "typical conventional activated slOdge flow schematic", show the 
typical design values for: ^ * • ^ 

/. 

A. Aeration tank detention time, • * * • • 

^ -Final settling tank stirface overflow rate 
•C. Return sludge flow pump capacity » . 

Given aeration Jtank .dimensions clarifier dimensions*, flows, and appropriate 
plant data, calculate: ; . . • ' 

A. .AeratiorT^nk' detention time * ^ 

B. . Clarifier'surfaceHettiing rafte ^ - . 

C. Lbs, of BOD to aeration ' ^ * . - 

D. Lbs, of solids • under aeration - * ' 



Instructional Aidst • > 

> 








L Transpar*anci^s ^ ' ' ^ 

2, Handout 

3, Calculator 


> 






Instructional Approach: 






t 

>• 


1, Lecture ^ v.,^ 

2, Discussion ' ' - ^ 

3, , In class problem solutloti 


— — — — ' 




V 



1. WPCF MOP 11 

2. N. Y. Manual 



Class Ajsignnients:. 
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•Module 1^0: 



Pagf 19 



Topic- 
Design and Operation Parameters. 



InstrHictor Notes.; 



Figure I Conventional 
Activated, Sludge Flow 
Schematic 



Student Handout 
■Parameters 



n - Design 



Figure 4 
Example 



- Detention Time 



Figurg 5 - Overflow Rate ^, 
Calculation Example -i^ 



Instructor Outline; * 



.An operator should know what the generally 
' accepted" design parameters ire for^ the • * 
conyentional. activated sludge process units. 
I he Recommended Standards for Sewage Works" 
and the "New York Manual" values are shown 
on i>t4dent Handout II. ■ The operator must 
realize that these are the design- numbers. The 
liperator must deal wi-th that which exists, i.e. 
the daily flow variation, the daily load, 
variation, the weekend changes, tfje. seasonal 
changes, the new industry, the industry that 
shutvdown and on and on. 

■ 

The point is that- design is probably. past 
history to the operator. The operator faces 
operation or operational parameters. It then 
behooves the operator to^routinely calculate ' 
operational parameters^ i.e. to document flows, 
loading, detention times, process performance et 

1 

I. Aeration Tank: Detention Time * " 

.First notice tliat-^e design value is baseV 
.on the desi.gn flow alone. This "detention 1- 
time will be called aerati.on tank detention 
time at flow. -Understand, however, that ' 
the true hydraulic detention time must inc 
. the return 'Sludge flow into the aeration 
tank. This detention time will be called 
aeration tank detention time.'at total^flow, 

Figure 4 js an example problem."^' If time 
permits and a student h-as "real" plant ■ , 
dimerfsions and flow data,.s.olve the problert 
, with the real data.' . i 



U( 



II. " CI arifier Surface Overflow "Rate 

Notice the three flow ^values in this pro 
clarifie^r infl^uSnt,- clarifier effluent, 
.cl^nfier sludge flow. The correct flow 
(clanfier effluent) must be used foe th 
calculation. 



blein; 

andj. 



IS 



2.0 



Student Handout n' - — •' . • 

\ \ . : r—. — 



* ^ _ CONVENTIONAL. ACT I \?AT.ED SLUDGE DESI6N WRAME7IRS 

^ • ■ - • • • • ^ _ _~ , 

■ > . - . .• - • 

v.; ,- . , ■ . . New -Yorsk- ' - . Recoijmended Standards 

^ - ' ' ■ Manual ^ ' For Sewage Work-s- 

Aeration Xarik • ' . ■ % ■ 

. Detention Time *(Hrs.) - 5 - 8 **- ' "^^6 -7.5 

.Oxygen {cu. ft. air/lb. BOD)' ' 1,500 • ' 1,500 . 

Organic Load (i.e. BOD/ 1000 ' ' • • 

<:u. ft.- . \ ..^ . ,30 s 40 

Secondary Clari^fier • » * • " 



Surface Overflow (Gal. s.q-. ^t.L^ ' , . 

day) • . " . ' 800 ~ ' 60V-' ^0 

* Detention Time (Mrs.) ' , ^ 2-3 

Clarifier Sludge Flow .(%) '20 - 30 IS. -'75 



/ 



,*Based on ^design flow 

**Diffused air, for mechacg^cal* aerators 9^- 12 



RETURN SLUDGE 
'FL0W =0.1. 



■80* 



AERATION 
INFLUENT 



TANK_ 
= 0.3 




AERATION TANK 
EFFtUEf^T 



VOLUME = LENGTH X WIDTH X DEPTH' = 20°X 80 X 12 - 
VOLUME. = 19,^ CUBIC FEET X .7.48'gAL7CUBIC FEET 
VOLUME = 143,616 .GALWNS ,• . ' . 

fLOW IN =.3 MGD + .1 tCD = .4' MGD,__' ' , 
DETENHON TIME = VOLUME X 24 " ; ' ' .' ' 



iJLOW IN 



. DETENTION TIME = 143.616 > X.24 
^' 400,000 ; * 

•^ DETENTION TIME = 8.6 HOURSt 



^ ; figure' 4 • 

-DETENTION TIME- CALCULATION^'EXAMPLE- 



. 60' DIAMETER 



INFLUENT 




PRIMARY 
SLUDGE 

• FLOW' ' ■ . \ ' 

SURFACE AREA = rr£ =i -3.14 j 60^ = 2,826 SQ. FT. 

4 4 ... 



OVERFLOVf RATE =. EFFLUEMT- 
SURFACE AREA 



^ 2.100.000 
2,826 



OVERFLOW RATE = 743 GAL./SQ. FT. /DAY 



■■- I 



FIGURE 5' 



OVERFLOW RATE CALCULATION- EXAMPLE 



odule Ho: 



Instructor Notes: 



Topic: 

•Design and Operation'.Parameters 
Instructor Oufl'lne: 



Figure 5 - Encourage Use of 
"Real "'Data for Additional - 
Calculation Practise. Th^ 
operators should be able to 
furnish at least ^proximate 
dimensions and flow- data. 



Figure 6 - Orgarric Load 
Calculation E>^ample. . 



ni. Clarifier Detention ^ime 



The critical 
detention 



value again is flow.M The 

time is calcul ated fr om I the . 

1 nfljj|DJt:^-tiSe Xliieafi^^ f i er 
feet and a rl = v-i -F-i qv. -i^^i * 



^f^iVi- A^i ' " ^^^ . d iiean cTsriTier 
depth oiUe^^f^iti-nd a clarifier influent 
flow of 2.8 MGD to complete the c^l culafion. 

4 I 

IV.., -Rounds of BOD to Aeration (F) 

V:. Pounds of Solids Under Aeration (M) 

Some operators use mixed liquor volatile 
' 'tI^^P?"^!^' s^°lids for this calculation. " 
inat s fine - just be consistent i.-e. if. 
volatile solids, are being used, always 
. use them and make appropriate notb in 
the plant data and trend charts. 

VI/ F/M- 

?°'J^°tu*^^^■ '"'^^'^ is coiparina the 
rood to the organisms available to "eat" 
trae food. --^ 



\ 
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PRIMARY EFFLUENT BOD = 150.MG/L, / ' ° 
PRIMARY EFFLUENT FLOW-.= 0.3 MGD ' 
AERATION'^NK volume = 19,200 CUBIC FEET - 
AERAf ION TANK VOLUME = 143-,616 GALLONS . ' ^ ' 
MIXfD LIQUOR SUSPENDED SOLIDS = 2,000 MG/L , 



POUNDS OF BOD/DAY = 150 0( 0.4 X 6.54 =v 560 LBS/DAY 

w / _ •• • 

POUNDS BOD/DAY ' . ' = 5^ = 26 LBS BOD/ DAY/ 1000 CuSc FE^ 

VOLUME (1,000 CUBLC/E^) 19.2 , , 



POUWDS MIXED LIQUOR SOLIDS 
POUNDS MIXED LIQUOR SOLIDS 



.143616 X 2,000 X 8.34 
2, '396 LBS 



POUNDS BOD/ DAY 
-POUNDS MIXED LIQUOR SOLIDS 



= 500 = 0.21 
. ?396 



4 



\ 



■ FIGURE 6 ■ 
ORGANIC LOAD CALCULATION E)CAMPLE 
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Module fip: ^ 


fV)dule Tni«: . : 

Basic Activated Sludge 




• -0' 


^* 




/ 


Submodul^e Title r ^ 


V 










* ^ ^ ^ ^ ,t ^ 








,1 hour'^ 


Topic: 

Modifications to tlie Conventtonal 


System 







Objectives: 
!• Identify by labeling given sketches: 

A.^ Conventional activated sludge 
b/ Tapered aeration ' ' ^ - 
5tep feed (step aeration) 
/ D. Contact stabilization . * 
Extended a^ation 



InstriiQtional -Aids: ■ 

!• Transp^irendies' . ' 
'2-- Hand>««r ^ • 



Instructional ^Approach: 

!• Lecture 
'Discussion 



References: * 

1. HPCF"M0P41 
Z. , N. Manual 



Class AssigrlfDentsi 
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Instructor Notes': 



. To|/ic: ' ' 

Modifitation to the Conventional System ^ ' ' 



Figure 

Figure 

Figure 

Figure 
Stabili 



7 Conventional. ' ' 

8 - 

9 



10 
za 



Tapere'd -Aeration 
Step Feed 
Dntact 




\ 



Instructor Outline: 



P^P^'^ °^ this. basic course to ' 
gain a thorough understanding of the 
modifications to the conventional activated 

soLVt'Sp'^nH-^?.' ^"^^Qduce 
some df the mod fi cations and dffer an overview 
of the "purpose" of the modification each wi 1 
be compared to the conventional system 

I. Tapered Aeration 

Notice that the only difference between / 
tapered aeration and the conventional system 
^ IS the placement of diffusers. • When 
• microorganisms are introduced into the 
aeration t^nk as primary effluent is 
introduced to the aeration tank, the", 
organism^ begin to "eat"; us4ng oxygen. 
■ InL^lt aeration tank ha's the most 

' S^f'^ 5^'"^^°'"^ ^^^""^ ^'^^ the greatest 
irfiJ-I-°''^?^"- ^° t^P^^e^ aeratipn 
of I"!u°" *° ^^*te^ "'^tch the supply 

of oxygen to the area where most is needed. 
AS the flow progresses through the tank 
(in a plug flow situation)- there is a 
decrease in the availability of food, thus 
a decrease^ the demand for oxygen. The ■ - 
aeration devfs^s are r^elativejy more 

^^^n?"*j;'r? ^^^^ the aeration 

tank. Nojchange m tank. dimensions . 



II. 



2"? 



step Feed j(Step Aeration) 

MOP 11 ciQjs this modification step aer^ttTjm- 
Which IS confusing. The modi^ication-cale^ 
in the same way as tapered aeration, that is 
to equalize the loading and available oxyoen. 
Ihin ?h?r"J^°" dikributei^the load rathe^ 
wnrJcSn dey/ices. Subsequent 

workshops on activated sludge will discus's ' 

■Sf°tT%'"5''"*°^! ^^^^i"9 to, distribution 

''ly^^^t^iO °f Process demand.. 
A somewhat smaljTr aeration- tank can be utilizec 

^al\l^'' -"Sdi-fi^tion ."Recommended.Stlndard ^ 
for Siewage Works sugaests' that 5 hr. detention 
time (conventional 6) will suffice in plants 
greater than 1.5. MGD' design flow'* T^e New 



WASTE 



SLUDGE 
FLOW 



RETURN 
SLUDGE' 
FLOW ♦ 



CLARIFIER' SLUDGE FLOW 
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* ■■ ^ 


AERATION 








TANK INFLUENT^ 


0 








DETENTION TIME= 6-8 HRS. 





CLARIFIER 
JVERF-lOW 



AERATION TANK 



SECONDARY CLARIF;IER 



FIGURE 7 
CONVENTIONAL-ACTIVATED SLUDGE 
PROCESS SCHEMATIC 
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CO 



ro 



ERLC 



28 



HAST£ 



SLUDGE 



ClAftlFlEft SLUDCr FLOM 



RETURN 
SLUDGE 
FLOU 



AERATION: 



TANK INFLUENT 



AIR 



AERATION TANK 



LlJ.UJiJJLlj: 



JsgCOlbARY l ClARIFIER . 
^CLARIFIER I OVERFLOH 



CONVENTIONAL ACTIVATED SLUDGE 



JtfASTE 

Kludge 

FLOW 



AERATION 



CLARIFIED! SiUDGE FLOU 



RETURN 
SLUDGE 
FLOW* ' 



f. 



TANK' INFLUENT 

I 



* AlT 



"i 



Note: 



More aeratiorv devices 
at TirfTuent end of 
aeration tank."' 




CURIFIER 
OVERFLOW 



TAPERED AERATI(»i ACTIVATED SLUDGE 



FIGURE 8 
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To|>ic: 

Modification Jo the Conventibnal System 



Instructor Hotes.: 



Instructor Oiit/lne; 



. York .Manual* suggests even- smaller aeration 
' tanks, but Iowa uses the' former. 

II. Contact Stabilization 

This modification is the extreme of step 
feed in that the sludge fs'reaerated ■ ''^ 
(stabilized) before it is combined with 
more waste flow (contact). Here a'gain 
a net reduction in tankage results, compared 
f to the conventional system 'the modification 
IS most generally used -in the treatment 
of industrial wastes, the rationale being 
that a given "slug" of waste only would • ' 
affect that portion of Sludge contacted and 
then rfeaeration would mov.6 that sludge to 
a more stabilized condition. " 

IV. .' Extended Aeration 



The modification in this case is one of ' 
•aeration tank capacity. Recall conventional 
the order of six to eight hours detention 



on 



C. 



time. This modi fi cation enlarges 'the 
aeration tank to provide a twenty- four hour 
detention time. The modification has 
historically been used in very small 
installations. "(Fif-equehtly termed "package 
plants). All too frequently they have been 
abused by*not wasting sludge from the process 
and using extremely excessive return sludge - 
. flow rates. 

Complete Mix 

* * 

o?^a V^Ji I"?"^?^ ^^^^ f°ll°w^'"9 definition- 

slu ge p^ tslLf^'' '^^'^^"-^ "ActiJaL " 
fhp ?Lf^"J^ ^^^^ aeration- tanks in which 

^perpendicular to the direction of f ow for 

r^i^t'riSiSd^idt^"^^"^""'^ 
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Module No: 



Approx. Time: 
1 hour 



ftodule Title: • * 

Basic Activated Sludge 



Submodule Title:- 



Topic: 

Process Observations 



Objectives: ✓ . ^ 

1. Given brief aeration tank appearance*descriptiohs, match to probable process 
inai cation. ^ ^ • ' 

2. Given brief final ^settling tank appearance descriptions, match to probable 
- process indication. ^ ^ 

3. Given sketches, identify Tnitroorganfsmsr common to biological treatment - 
activated sludqe. , ' . 



Instructional Aids: 

1. Transparancies 

2. 'Handouts 



Instructional Approach: 

1. Lecture 

2. Di session. ^ . 



References: 



1. 

2. 



WPCF MOP 11 
OCP for ASP 



Class- Assignments: 
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Topic: 

Process Observations 



Instructo^^otes: 



student Handout 3 - 
Microorganisms in Activated 
J> fudge Floe. - • ' 




I Instructor Outline": 



The "Text" for this topic is- primarily "Part' I 

"he'Act^•;aL'^S^'^'3"^^"'°"^ 
throJg^^ ?0^^^K 

of fh^'^ml'- also, become a pVt • 

ob\'eTv«,-o*L°\°' ^'^^ cha: esT?r ^er"" ^ ' 
ope?It," ° ^'""^ °f ''^y^ to successful 
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S'tudent Handout III - 4 
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STALKED-" CI LI ATES 




student Handout III - 5 
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STALKED CILIATES 
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Module No: 



Approx. Time: 
3 hours 



filodule Title: 

Basic Activated Sludge 



Page 
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Submodule' Title: 



Topic: 

Basic Process Control 



Objectives: . 

1. 'List two reasons fpr testfng (1. --'Satisfy discharge permit requirements.; 

2. Obtain data. from which, to gain insight into process status and needs) 

2. .List those factors .tKat the opera toS* can "control" (air; return sludge 

< flow; waste sludge flow; mode-of operation "^ff .plant flexibility exists.) 

3. List three "control, techniques". \ 



Instructional Aids: 
1. .Transparancies 



Ins tructlo^V /Approach: 

1. 'Lec^ekre' A 



Re fe rented :^ 
1. WPCF ioP 11 



C^ass Assignments: 
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Topic- 
Basic Process Control 



Instructor Note?: 



Instructor OutHne: 
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analyses in a waste treatment faciqUy; 

■1. To document treatment plant.performance 
Uhat IS to obtain data for submission of 
. the required self-lnonitoring reports.) 

2. To gain insight to process needs (that is 

• ^" process control decision 

making.) ' ^ . . 

Ilud2rfrH!li-'''.f especially activated 
da^^^fc nnl 'Hi- ^^^^^r-ed self-monitoring 

the data ?^tf^^'''''"* *° incorporate ■ 

tne data into a process control methodoloav • 
.One example to illustrate what is meant Solids 
separation must occur m a secondar^clarifJer 
iscfla^L' f^T ^;P^^"^tant or- overflow JoP 
discharge to be of acceptable quality BOD and 
suspended solids will document thit quality of 
cl an fier overflow.. BO.D and suspended solids 
?rL'fn'-^°" J 91- V5 you a clue as to changes * 
0? whaJ hJ? the results 

of what has occurred ,in the clarifier. However 
n^'h?^^'" self-monitoring report requir^ ' 
nothing relative to settling. /' 

'It is then appropriate to focus, on just what thP 
TuZl% ^?!;.^°"trol" or addust in'an act Led 
sludge faciJLty and then briefly- focus on a few 
typical control techniques .or metht)dologies. 

I. Factors that the operator can control or ' 

- aujUSt. . ^ "7 . 

V 

uJWn hh f"^r?.?"« more the operai^r must 
capapinties exist. ^ , 

,1. Oxygen (air) ' ' , 

if ifcS^""?"^ ^"^P*^^ *^3t:the level 

i 
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-Toinc: , . ' 
og aslc E mcess Coptrpl 



Instructor Notes: 



%ii)Stfcuctor Out/in^: 
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• VDiscuss the relative eaii or' difficulty 
of attaining a constantiiissolved 
oxygen level of 2 mg/l in the aeration 
tank -as a fungtion of: 

• • » 

A. Mechanical aerators, fixed-and . 
filiating. . • ». 

B. - Diffused air 

, C. Organic load ' , . 

^'D. Mixed iTqupr^uspended solids 
E. Measurement of di ssol ved^oxygen level 
2. Return sludge flow v . 

The clarifier may have its' own lowef 
I'lmit above lowest pump capacity below 
_^which pipes-plug, or an upper limit less' 
tnan pump capacity from the piping.. • 
l.here may or may not be meters. 

3\ Waste sludge flow . - 

May be limited by the ability to handle ' 
waste. sludge i.e. {iigester capacity, 
, drying bed capacity, furnace capacity, 
_ thickener. capacity etc. . 

J._Mode^of operation _ ' 



. If plant flexibility exists the 'ability 
to^ change. fh)m conventional to step feed 
.fol" example. 

-generally three adjustments. 



Air', 

0 

Return sludge flm 
Waste s-ludge flow 
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Topic: 

Basic Process Control 



Instructor Out line: 
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And if are fortunate, a fourth: ■ 
Mode of operation' 

The amount or degree of capability 
of each is unique to a given facility, 
tach facility must determine its - 
minimum and maximum return sludge flow 
capability, for example. 

Control Technique (Methodology) • • 

?j1'en that some control capability exists, 
how does one know when a process .flow 
adjustment -should belraade?- Tfeis basic 



methodologfes. 

^' ISP"i'"°'' "i*intiLnce of I 
MLVSS. This is ^' ^ 



constant 



^- ie common approach 

to controlling an activated sludge * 
process. > Its basic premise is: A 
certain level- of mixed liquor volatile 
suspended solids has been resulting in 

L?nf.-^^fh'ri"""^ ^"^^^"t^' therefore 
maintain that level ofoMLVSS. 

.Howidoes one determine that level of ' 

arPJhVii'-.'J-"^'^ maintained? What 
are the^ limitations of this control " 
methodology? What laboratory or control 
test data is necessary? What process 
flows, are varied? ' ; .. 

Solids level 



There is no exact level, it is d 
matter of finding what appears to 
Work, then maintaining that level-.. 
JhfrF/M ratio presents' a - reasonable 
starting point. It is »gerrerallv 
accepted that F/M rati;as between 0.1 
and 0.5 are acceptable. An F/M 
Should be selected,- Say 0.25. It, 
tnen is necessary to determine the 
amount of food efitering th? aeration 



Module No: 



Topic; 
^sic Process Control 



Instructor Qutilne; 



r 



tank and solve for the concentration 
of solids necessary to maintain the 
selected F/M (0.25). The system 
should then be operated at that 
solids level until final effAient 
quality can be judged, probably a 
n»nth minimum. If effluent quality 
l^ves something to be desired, 
se>cct a new F/M, say 0.3, re- 
calculate the solids concentration,' 
builji solids (or decrease as 
appropriate), and document effluent 
quality. A .sample problem is ^ 
appropriate.' ' , * . 

•Using the aeration tank from 
Figure 4, its dimensions and the 
flow shown and a BOD of 180 mg/1 , 
- calculate the solids concentration . 
required to maintain an F/M or 0.25. 

Given: Volume* = 0.143616 million gal 

Flow ^ 0.3 MGD 
' ■ • BOD = 180 mg/1 . • " - 

F/M^= 0^25 • 
Find: MLVSS 
Solution: 

Lbs. fdod (F) = 0.3 X IjBff'x 8.34- 

F = 450 lbs. BOD' ' ■ ' 
. F/M = 0.25 

M = ■f/0.:3 =! 450/0.25 
M = 1,800 lbs. MLVSS . 
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Basic Process Control 



Instrjictor Outline: 
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•Lbs. MLV5S = MLVSS mg/l'x Vol.. x 8.34 
1,800 = MLVSS mg/} x 0.143616 x*8.34 
MLVSS mg/1 = 1800/0. 143616 x 8.34 
MLVSS mg/1 = 1,500 mg/1 ^ 

B. Limitations to control 

^ ) ■ 

, The two most gUring limitations 
are:- 



.1) It assumes- the loJ into the plan 
is constant. 



ii) It does nothing to assist the. 
. • . ^ operator in determining What " 
return sludge flow should be. 

' C. Laboratory and control test data 

required. ■ . 

t 

i)*The daily determination of MLVSS. 

- 'ii) Periodic BOD of the waste flow 
ijito the aeration*!ank. 

„. b. Process flow control 

Waste sludge fl-Ow is. the only process ■ 
flow varied with this control 
methodology. If MLVSS falls beloW 
' ' the desired levfl, decrease waste. 

If MLVSS rises above the desired level, 
increase waste sludge .flow. 

2.^ Control by maintenance of a constant F/M 
ratio. . ■ 

Thisr methodology is slightly more " 
sophisticated than constant MLVSS control 
The operator.. still mus.t arbitrarily decide 
on a target F/M ratio.^ then becomes 
necessary to> determine the load^(F) and 



/ 
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-Basic Process ControJ 



Instructor Notes: 



Instructor Outfine: 



• then waste sTudge to -vary M and hold 
•F/M constant. Sounds easy. Consider, 
the fact -that BOD values are 5 days - 
old when the ftnal determi nation ts 
made. Consider also that nn occasion., 
the calculation imght. atiggest that the 
sol3ds level -should b/inarkedly reduced 
an.d the. next day the^olids level should 
be at or above the fevel prior to your 
increased waste sjudae flow. There are 
mn' °^,^Peedrng up he (F) determination. 
I^uu or TOC determi nations can provide 
same day" load-values in lieu of the-5 
day BOD. The MLVSS determination is not,' 
necessarily an accurate determination ^ 
of. the true numbe^- of microorganisms in - 
the aeration tank. Tissue paper and 
of'MLVSS ""^^istpr jn the determination 
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Waste sludge flow is again the primary 
-process flow vanable, although if some 
^ solids -are "stored" in the secondary ' 
cl an fier. there is- some capability of 
makjing minimal solids changes in the 
*^ aeration tank. , ' • 

Many activated sludge facil i ties* are 
allegedly controlled by. maintenance of 
a constant F/M. Significant laboratory 
- data IS required and the initially 

selected ^yalue for the F/M ratio may.be 
WfOng.- Consi deration., ot the merits of 
tfns control methodology should be' 
. judged a'gainst its inherent difficulties: 

The calcMlation pro^kures require use' 
of the identTcal equ>tW Vse'd in the 
^ discussion of .controi/% maintenance of 

dai?;1?f H^t'"': I*^ ^^^^^^"^^ ^'^ tit . , 
Mm^ detenninatiV are madg and 
WLVSS TS allowed to i^icrease or decrease 
as opposed to maintaining constant MJLVSS. 
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Practically speaking the F/M control * 
methodology where used successfully 
actually use a ra/ige for F/M as opposed 
to an exact F/M ratio. This alleviates' 
attempting to make instantaneous , 
.adjustment in mixed liquor solids 
■concentration. » • • - 

> « i 

Control .by 'maintenance .of a constant 
sludge age. 

There are many equations used for 
sludge age" determination. The SPCF 
MOP 11 suggests that average sludge 
age is the total amount of solids in , 
the system divided by .the amount of 
solrds >removed from the system each defy. 
Oje must exercise. great care when using 
the term sludge age. due to the fact that 
so many different equations are used all 
to solve for what is- labelled "sludge age" 

Control by this methodology requires the 
selection of a value for sludge age 
Then the volume of sludge to be Wasted 
each day can be determined with only a 
few laboratory solids determinations. ' ' 

A sample ^^robl em will illustrate the 
control methodplogy. 

^J^^39^ -^9e {S.A.) = MLVSS (Va + Vc)/Qw 

Where MLVSS in mg/1 , . : 

VA = Volume of aeration tank 

^ .»- 
Vc = Volume of clariffer 

Qw = Waste sludg^flow 

/ < 

RSTSS = Return sludge total suspended' ' • " 
solids in mq/1 
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Basic Process' Control - ' ^ * . 




1 Instructor Notes: 


■ J r — ■ ; . 

. Instruotor Outline: - - . . ' 
-j 1-c - 




1 


- 


.If the'operatdr assumes a value for 

■ u '^^f sludje., flow-can 
bfi caltulated given the appTOpriate 

vol umes>nd. sol ids concentrations. - • " 

I * * 








Given: MLVSS = 2,000 mg/l ^ " . 


U 


1 a <• 


0 

\ 


Y ''^^''"^S =«8,D00 mg/l 

*Va-= 0,8 million qallon 
Vc = 0.3 million -galliDn 
-> S.A. = 6 days (operator selected) 








, . Qw— 2,000 (0.8 + 0.3)/8,000 x 5 






'* 1 
• 1 

^ 1 


Qw =>0,065 MGD ' ^ 








The waste sludge flow for that At^m ui-;n 
then be 0.055 MGD. ^ 1 


I 


V - 


€ 1 


Tlie selection of the value fOB sludge 
age is certainly critical in this control 
methodology. A reason'able startiag ' 
value, would usually be in the rq^rge of 
5 to 9 d^s. The process woul'd be 
controlled using the selected valufe. 
' - affluent quality results, 
^ \ti.ck with it, If not, the^cflue for . 
sludge age is adjusted.. 



ERIC 



Once again the adjustment of return sludge 
flow .IS not addressed all incli^Kvelv 
One would tend to adjust return sludge ^ 
flows to .the point df maximum achievable 
Q)ncentration of so^^is being withdrawn 
from the clarifier. This.would then 
minimize the 'volume of required waste 
sludge flow for a given sludge age. ' 
Finally, the result of*mi)>imizing waste ■ 
sludge flows results* in lessening *the 
probability of overloading the sludge : 
digestors. ■ . • v 
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Module No: 



r- 



Approx. Timei 
"4 hours 



/todule Title: 

Basic Activated Sludje > 



Submodule Title: 



Topic: 

Operator control' tests 



Objectives: . 
1. To. perform: \ 

A. Cenjtrifuge test 

B. Settleometer test 

C. Sludge blanket determination 
^ Turbidity test 



4^ 



2. Plot trend charts from data obtained from the tests listed above. 



Instructional Aids: 



Instructional Approach: 



1. Hands-on training at an activat 
/ ^ 



udge facility. 



References: 
1- OCP for ACP 



tlass Assignnients: 
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Instructor Notes: 



Note; The second day of this 
,. module of instruction should 
ine-lude "hands-ort^ training 
in running. control tests. It 
IS appropriate to assign the 
student, on the first day to 
read the Procedures Manual, 
Part II, Control Tests, so ^ 
Pf^tjie may in fact perform 
the tests during the second • 
d^. 



• 5 

^ERIC 



Instructor Outline: 



fherels more involved in the operation of ^n * 
act vated-sl udge facility than cutting g?asl 
s o"? ^"'^ 9r^^^^'"9 pJmps' That 

s mre L^h 5^'^°"" ? necessary. There 
IL- !\. ^very employee at the 

!,^*jy?ted sludge facility should have some' 
leasJ'hH^^ y**^ the facility.- At the v^y 

The. eyes can note if units are operating when ' ' " 
they are supposed to be. Foam, bolor 2nd " ' 
general^ tank appeaVance should, be noticed. 

o'f'theladl^JJ '° ^°""ds 

OT tne Tacilflty. .Has there been a noticeabl'p . ' 

thp"Snf'" '^^"'^ °^ centrifugal blowers, 
the motors poweri-ng the- clarifier scraoinq 
mechanism, etc? " ' ' ^^-raping 

Finally, is the nose telling t'he'operator of a 
rTeed to increase the rate of waste sTUdge ■ 
PT2"9, a need to hose down effluent weirs 
and troughs, a gravity thickener gone sejtlc, etc? 

Such sensual observations and the recordina hf 
them are tru-ly an iptegfal part o)^ ^ro^ess 
monitorijig and control: Process 

- - - 'i ■ ■ . 

There are alsp useful operator control tpcfc 
• whi ch if per^formed routinely «n alTJnip^J|- - 
eTfl'upntT*'.°^ and,u;ti>nat^ly lefd t ""^^^ed 
The e'llln?';^^"'^^**^'^^^ compliance! - ■ 
control ?^cJc tJ' Yl 3s nam^d - - 

iSith ?hp Snf: The data thus- accumulated combined 

solids^ n?^"Dj t^""^ s,uspended 

bunas, pH, DO, NHo, etcv) should enable thp^ 

Snslbi- T^"^' ■ ^^c^'s"on mak'i ng " 

responsT-bility to. make better decisions, decision*:' 
o? ?hp°^ P^^9ess demands,, not "seat ' 

of the pants'; control adjusTments. ■ ^ 
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The tests should be 
demonstrated by the instructor 
and then performed by each • 
student. . , ^ 



Instructor Qutilne: 



Student Handout LV - Data 
and beginning of a trend 
chart. 



The- control test series to be learned in this 
module of instruction include^: • 

1. Sludge blanket 1 eve T determination 

2. Settlometer test 
ft • 

3. -^ntrifug.e test 

4. Effluent turbidity test • , * 

TJe apparatus and technique for eacTtest is 
thoroughly detailed in "Operational Coniro ■ 
Procedures for th. Activated Sludge P?SS , 
Part II - Control Tests". The purpose here 

Sw n'n?°f"^ '\ the technlqu^ and ' 

how to plot the data o'nly. TesJ« frequency 'arid 
dau interpretation are adc|r^ss^d in\ubs%.Sent ' 

The final consideration of this workshop is to • 
learn and practice data plotting or treSd charts 

6-S cX' s'^'^r'ac^^''1^^^'^°^^^ - 
DooK covers or ac>^ and coffee- stained yellow ^ ■ 

pads IS data seldom, if ever, used as a Jart 

nn P^°ff l^control decision making. Data plotted 

d ta' utd'?n'':/''^' ^PP^°P^^-^te n?tes becoSis 

= 'shJuld ri .?.'^ — '^^^"^^ niaking and 

snouid result in improved operation. 

A^^iv^ffellnS'^ n^"^"'^- Procedures 'for the r 
Actiyat^ S udge Process. Appendix". (Pag&s 

tes"t data°^;3%' ^'^^ 'oHtrol 

shn.!iH i 5- ^^"^"i'^^'^t'- The six pages - . 
shou d Hp .^I'T^^d class. The remaining time 

ea?h"\-tuden?!"' " '''''''' '''' ^"^"^^^^^ '° 
Notice the graph paper used. Jt Is/divkied^to' 

isijsuggested with the_12 by 20 graSuatioSs!^ ■ / 
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' : — 7 r — -gr"' 

The following materials. are appended from which student handouts* 
. may be duplicated and transparencies produced: ' . ' 

Figur^^l - Conventional Activated Sludge Process Schematic- ' ' \ . 
Figure 2 - Relative ,Pfedomrnance of^^^Microorganisms 
Figure 3 - Ideal Growth Curve' * . / ' 

Figure 4 - Detention Time Calculation Example * ^ 

Figure 5 - Overflow Rate Calculation Example • . 

Figures - Organic Load Calculation Example 
Figur#^7-- Conventional Activated Sludge Process Schematic 
Fiaure 8- Tapered- Aeration Prpcess Schematic 

Figure 9 - Step-aej^atitn Proltess Schematic ^ * 
Figure 10 - Contact Stabilization Process Schematic 

student Handout 1-2 p'ageA> " ' 

Student Handout II -'1 page ' , 

Student Handput III - 6 pages* * ^ \ 

student Handout IV - 11 pages , , '/ * 
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WASTE SLUDGE FLOW 
' ' ^ ♦ 



cUrifier sludge flow 
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TO SLUDGE DISPOSAL 
(THICKENER, CENTRIFUGE, ^ 
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RETURN SLUDGE . 
FLOW =0.1 ^ 



-80' 



AERATION 
INFLUENT 



TAI^K 




AERATION TANK 
EFFLUEN'f 



VOLUME = LENGTH X WIDTH X DEPTH = 20 X 80 X 12" 

VOLUME = 19,200 CUBIC-FEET X 7.48 GAL./CUBIC FEET 

VOLUME = 143,616 GALLONS. ' ' ' 

FLOW IN = .3 MGD + .1 MGD = .4 MGD 

DETENTION TIME VOLUME X 24 
FLOW IN 

DETENTION TIME = 143,616 



X 24 



400,000 

DETENTION TIME =8.6 HOURS ' 



i ■ ■ 
FIGURE 4 



i 

DETENTION TIME CALCULATION EXAMPLE 



iNf^LUENT " 




^primai|y 

SLUDGE 
FLOW"! 



'SURFACE AREA = .^d2 = 3JiXM • = 2.326 SQ. ET. 



OVERFLOW RATE-=' jeFFLUENt- 
SURFACE AREA 



^ = 2,100.000 ' 
• - .. 2,826 

OVERFLOW RATE = 74^ GAL./SQ. F^./DAY / | 
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I • 



FIGU^f 

i: ■ % I ■ J 

OyE^aOW RATE CALCULATION EXAMPLE 



PRIMARY EFFLUENT BOD = 150 MG/ll 
PRIMARY EFFLUENT' FLOW = 0.3 MGD" 
AFRATION TANK VOLUME = 19,200 CUBIC ^EET 
AERATION TANK VOLUME = 143,616 GALLONS 
MI XED J.IQUOR_SUSPENDED^ SOL IDS^ 2,000_MG/L- 



POUNDS" OF BOD/DAY = 150 X' 0.4 X 8.34 = 500 LBS/DAY 



POUNDS BOD/DAY = 500_ = 26 LBS BOD/DAY/1000 CUBIC FEET 

VOLUME (1,000 CUBIC FEET) 19.2 



POUNDS. MIXED LIQUOR SOLIDS = .143616 X 2,000 X 8.34 
POUNDS MIXED LIQUOR SOLIDS = .2,396 LBS 



■ POUNDS BOD/DAY..^.. = 500- O.Z'l^ 

POUNDS MIXED LIQUOR SOLIDS ?396 



FIGURE 6 

. r' •■ ; ? 

ORGANIC LOAD CALCULATION EXAMPLE 
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WASTE 



sl1[ 



CLARIFIER SLIBDGE FLOW 



SLUDGE 
FLOW 



RETURN 
SLUDGE 
FLOW 
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AERATION ^ 






— H 

! 1 


TANK INFLUENT^ 




CLARIFIER 
OVERFLOW 



DETENTION TIME= 6 - 8 HRS. 

♦ 

AERATION TANK 



' SECONDARY CLARIFIER 



FIGURE 7 



CONVENTIONAL ACTIVATED SLUDGE 
PROCESS SCHEMATIC i f 
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ERlCi 



SLUDGE 



AERATION 



tURlFlER SLUDfig FLOW 



RETURN 
SLUDGE 
FLOU 



TANK INFLUENT 



AIR 



AERATION TANK 



UIUJ LU LU 



CONVENTIONAL ACTIVATtO SLUDGE 



clarifier 
wIrflST 




HASTE 



SLUDGE 
FLOil 

i 

■ I 



CLARIFIER SLUDGE FLOU 



RETURN 
SLUDG^ 
FLOU 



AERAjTION 
TAN4 INFLUENT 




AIR 



TAPERED AERATION ACTIVATED SLUDGE 



FIGURE n 



Note: 



More aeration devices 
at influent end of*aera*tion 
tank. / ' 




Student Handout I 



Absorption 



Adsorption 



Coagulation 



Colloids 



Declining Grqvjth Phase 
ErTdogenoUs P^^se 

Floe (sludge .floe} 
F/M ' 



ACnVATED SLUDGE TERMS AND DEFINITIONS' 
' " ! , From 'MOP 11 " • ' . 

The taking up of one substance into the body^ of^ 
"^pother. , . , ^ ^. ' ' '■ 

_ The adherence of a gas, l.iquid, of dissolved ■ 

» 0 

material on the surface of a soli'd. 
The destabilization and initial, aggregation of 
colloidal and finally divided sus])ended matter' 
by the addition of a floc\)nni rig chemical or 
by biological processes. ^ 
Finely divided solids that will 'nit settle but 
may be .remove(^ by coagulation, bibchemical action 
or membrane filtration. ■ 

\ . 

A. growth phase in which the amount of available 

' • - I . ■ 

.1 



•■. food begins to limit cell gYowtfj.i 

The growth phase which due to a -l^ck of 
available food 'and cannabalism Between cells 
J results in a net cell death. U 
Small gelatinoiJs masses formed i|n| a liquid by 
agglomeration of- smaller parti cl^ep. 
Food to Microorganism rati<(^ Tfji^ is . a ' 



I 



• calculated ratio of the pounds of food (lbs. BOD) 
. flowing into an aeration tank dijvided by the * 
, pounds of solids in. the aeratiorf jt'ank (lbs. \ 

♦ * 

66 ^^^Pf"ded solids)'. Note: Some "joperators use " 

tt\e volatile suspended solids iri Wis calcOlation. 
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Student Haadout I (cont.) 



Log Growth Phase 



Mixed Liquof 



Return Sludge 



Sludge Bulkifi 



Stabilized 



Waste Sludge J 



, A grov^th phase in which cell^ pmduction is at 
a maximum - abundance of food and suitable " 

^ environment (oxygen, temp, etc.) ^ k 
The contents of an aeration tank - the mixture 
resulting f^rom the combination of return sludge 
and primary affluent (raw sewage if primary' 
treatment units are. not a part of the facility.) 
That portion of the settled s,liifige removed from 
the clarifier which is returned to->iJjf^aeratior> 
tank. 

A condition of activated' si udgfe during which 
the sludge oocupies- excessive/volumes and will 



not concejTitrate readily. 



That 'quality of a waste or sludge when there . 
•is^no/capability for further change. , 
That sludge which" is removed from the secondary < 
treatment units ^ It is genev^ally a p)ortion of 
tlj^t sludge w^ithdrawrj^Vrom thfev^cljid^^^ r 



however, some activated sludge plants^ hav^e^-:.,,^^ 



tie ability to waste mixed liquor. 
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student Handout II 



CONVENTIONAL ACTIVATED SLUDGE DESIGN PARAMETERS ^ 



New York 
NrManual 



, Recomnended Standards 
Por Sewage Works 



Aeration Tanl^^ . ' . 

, Detention Time *(Hrsi) 

'Oxygen (cu. ft. air/lb. BOD) 

Organic Load (i.e. BOD/IOOO 
cu. ft. 

Secondary Clarifier 

• Surface Overflow (Gal. sq. ft./ 
day) 

Detention Tiine (Hrs.) ' ,' . 
Clarifjer Sludge F;6w {%) 



6{- 8 
1,500 



800 



20 - 30 



♦Based on design flow 



i 



**ffiffused air, for mechariical aerator^, 9 - 12 




- f 
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30 - 40 

600 * 800 
2-3 
15 - 75 



student Handout IV - 1 



DATE 4-/i7/l^n 
DAY 



TEST 
TTMR O^oo 



. RAW . FLOW 4-<0 
JffiTURN FLO W l9o 
WASTE FLOW (s> 



TIME 
0 

5 
10 

15 
30 

^5 
60^ 



ssy 

1000 
9o'q 

23o 

49o 
4-^0 



ATC. 



8^o 



BSC 



, INITIAL 
TURBIDITY 



7.0 



FINAL ^ ^ 



TEST" , 

TTMR / 6 O O 



RAW FLOW 4- 1 S* 
RETURN FLOW l'3o 
WASTE FLOW 0> 



TIME' 


SSV 


0 


1000 


5 


1 


10 


8oo 


15 




30 








60 


<f Jo/ 


90- 





ssc 



ATC«JZi±l 
DOB A^*^ 



.4. 



16. 

riAL 



INITLv*, , . 
TU* •iTnT'PV? ' I C . O 



FINAL 
TURBIDITY 



TEST 
TTMR 2400 



RAW FLO W 4 OS 
RETURN FLOW ^ Z^" 
WASTE FLOW_^_ 




SSC 



ATC, 



10 



DOB ZO 

ft 

INITIAL 
TURBIDITY 



FINAL ' ^ 

tttrpthttV /<^>c^ 



Student Handout IV.- 2 




1 RETURN FLOW ZSO 




«#RETURN PLOW. /Cbz) ^ ^ 


WASTE FLOW S 


J WAS TP PT.nw 


WASTE FLOW. /<! 








TIME SSV SSC 
0 1000 


TIME ssv SSC, 

6 *"iooo 


TIKE SSV ssq?^ 
0 iboo 


'S.. '-^OO' 


, ^ 830 






10 




15 ^ $^o 


! 15 ' ^p^, , 


15 ' 


" * 1 

30 4-^0 


30 


30 ^7o 






• 45 SSc:> • . '!^' 


. 60 22^ _ 


^ 60- -^/^ _^ : 


60 • 


f: — - — 


. '9Qr 











RS^ /<?.0 

.1 . ' , 

initiXl , 

TUfli^IDITY 



DOB 7, O 
INITIAL 



TURBIDITY , 



TU jIDITX' 



FINAL 
TURBIDITY 



INITIAL yJ, , 
TURBIDITY <.f^^'0 



FINAL ^/ 
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Student Handoug IV - 4 
■DATE ••^^/^■^ Z 7=/, 



DAY, 



TEST 



RAW FLOW <^/^<D 
RETURN FLO W EffO 
WASTE FLOW /Z * 



TliE 

; 0 
5 
10 

15 
30 

ft 

90 



ssv 

1000- 
39 O 



ssc 



DOB 

•INITIAL 

TURBIDITY f^-^ 

FINAL ^ ^ _ ^ 
TURBIDITY f^*^ 



TEST ^ 



"RAW ^FLOW 4^5"^ 
RETDI&* FLOW ££<g 
WA^Jf FLO W 



TIME. 
■ 

5 
10 

•15 
30 

^5 
60 
90 



ssv 
iooo 



ssc 



initiaI. 



FINAL . yy'^ 
TURBIDITY 



' TEST _ . 
• - TTMR ^4-00 



RAW FLO W 
RETURN FLOW 
WASTE FLOW 



TIHE 


ssv 


0 


1006 


5 




10 




15 


24:0^ 


30 




^5 




60- 




90 





RSC ^^'Cf 
DOB V/ 



INITIAL ^ ^ 
TURBIDITY 



FINAL ^ " ^ • 



r - . 



J 3 
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S'i^udent Handout. IV - 5 
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-INITUL yf y 
TURBID ITY 'y^^ 



PINAL - ^ ^ 
TURBIDm— 2Li±. 



1- 
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Student Handout IV - 6 




now 

initial' . 
"turbidity 



FINAL ' ■ 
TURBIDITY , 



INITIAL '>j 

•ru .iniTX', ^- y 




INITIAL, ^ ^ 

■ ?URBBC)ITY 

FINAL. ■ ' 
TURBIDITY 



student Handpyt ly 7^ 

DATE <^/£3;/7/; 




Student* Handouf IV - 8 
DAY 



TEST ■ 



0- 



RAW PLOW 

RETURN FLO W P7a 
WASTE FLO W 



TIME. ^ SSV SSC 

• ,0 ' locro 

10 <^<^^ ..^ 

15. ^<^^ 

30 '^^O 

^5 

60 ' * 

90 \ 

RSC..^^^_^ • 



-INITIAL 
TURBIDITY- 

FINAL 

TURBIDITY— ZL4_- 



TEST. , . 



RAW FLOW ^/^^ 
RETURN FLOW 
WASTE FLO W // 

time" SSV .SSC 



/ 



5 

10 



1000. 



75b 

15 <^S"<^ ' 
' 30 4^f^ 

>5 

60 

90 _ 



V- 



atc, 



zk. 



i 



DOR 7,Z 



INITIAL 
UlKi-lDITSi', 



RAW FLOW_ 



•RfiTURN Stow " 2,30 
WASTE FLOW. 



TIME SSV 


^ 0 


1000 


. 5 




10 




if 




-<30 






^^^^^^^^^ 






.90 




ATC: 


^^^^ 


RSC , 





SSC 



DOB "T.^ ' 

INITIAL ^ 

TURBIDITY ^^-^^ 



PINAL y y:, 

TURBIDITY 



[FINAL* 

'turbidity 
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Student Handout IV - 9 ^ 



DATS ^A/p</ 7f. 



DAY. 



TEST ^ 
TIME 



,S jlW PLOW > 
RETUiiW FLOW 



WASTE FLO W 



TIME 
• 0 

-A 
10 

15 
30 

60 
.90 



ssv 
ipoo 



SSG 



4-^ 



DOB 



INITIAL . 
TdR^IDlTY 'C'^/ J 



FINAL . ' >^ ^ 



TEST , 



'•RAW FL0W__^^2_L_ 
RETUR N FLOW ^^5". 
WASTE • FLO W 



TIME ^. SSV 
Q? '1000 



SSC 



5 

J 

k 10 

15 
30 

60 
90 



B80 
S8c 



ATC«Z_£_» 
DOB 

INITIAL 

finXl ■ • 

TURBIDITr '^/^ ^ 



TEST 



RAW FLO W ^5"<9 ;> ^ 
^RETURN FLOW ""2.33 
WAST£ FLOW . 



TIME 
0 

, 5 
10 



ssv • ^tssc 



liOOO 



15 ^i^^ 

30 . 



^5 
60 
90 



4oo 



atc-.Z!£l 

« 



4 ■ 




















i ■ 







'5 



INITIAL ; 
1'URBIDm 3 ^ 



FINAL 
TURBIDITY. 



30 



Student Handout IV - 10 
DAY_ ~ 



TEST « ^ 



TEST . 



RAW FLOW -^g<g 
RETURN ' FLO W 



RAW PLOW ' 75" 



WASTE FLO W 



.RETURN FLOW Z^CT. 
WASTE FLO W /.2 




, DOB -5'>^ 



INiTIAL - 
TURBIDITY' 

FIN^L 
TURBIDITY. 



5*/ 



INITIAL ^ ^ 



i<3 



•I0IT3L 

FlNXL 
TURBIDITY - 



3'/ 



RAW FLO W ^^5* 
- RETURN FLOW Z3S 
: WASTE flow ' ZO 



TIIIE 


. SSV 


0 


1000 


5 




Vio 




15 




■ 30 




> ^5 . 


4-30. 



go- 4£2^- . 
90 • 

ATC.^£_^ ^ 
RSfl ^^><g ' 

DOBxS-^— ; 



INITIAL • 
/TURBIDITY ^ 



FINAL • 37" 

turbidihy: i_ 



SSC 



/I 



r 
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Module Title: 



Basic Activated SlJdge - '/ 



Submodule Title: 



A. 



/ 



EVALUATION 



• n 



Objectives: 

The learner will demonstrate that he has achteved the objectives of the Siodule by 
correctly answering 75% of the following questions. v I " - 

1. Define -the activated sludge proces<i and its mddi.fi ciLti ons as described in MOP 11 



2. List the basic opereitional requirements of the activated sludge proc&sS 



C. 



T r- 



. 3. 



For each' of the .following typical units. of an activated sludge facility, briefly" 
state the purpose: • ' \„ > • , ' . , 'I J ■ > 



• . s 

, - A. » Aeration tank 

B. Air (oxygen) supply 

s C* FinaKsettling tanks 

Return s*ludge pumps \. 
ft 

E'. Waste sludge pumps 



4. Sketch and label the units 'for a typical eonventjona'l activated s-ludge facifity. 4* 
Omit pri, trmnt. Show typical detention, time, overflow nate and. pump capacities. 



5. Match the definitions to the terms 
r a ^ Absorption 




J). Adsorption 



j:. Log.^jgrowth- phase 



.:A. Small- gelatinous masses formed^ in a 
" liquiJ^by;ag.glome'rat1on ofjsmaller 
'/ parti ties ft'" L ^ / - 

B.^ A.^growlh phase ^i!vwhich..t he ^TO 

avaflable fo9d; be^iiTs t^ limit ^:elT 
growth ! - . , ^ , ^ 

'G.:* The .gwwtfi 'pbasVwhich* due- to-? lack^ ' 
of-availabfe.fpod and cannabalrsm - 
between cells/resul ts ili^^^^^ . 
. 4eath:. ' v - ; ' . . ' ' 
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Dec! ininq growth '^h as e Dy-»-ft.growth phase in whic;|^.£gL> 

production is at a maximum. 



_e. Endogenous phase 



_f. "Sludgy flGC 
jg. Mixed liquor 

« 

_h. Stabilization 



n. 



Return sludge 
/ 

j , Waste sludge 



_!<• F/M 
1..' Diffuser 
_m. ^ Sludge bulking 



- E. Treatment' of waste or sludge to a 
condition from which there i? no 
capability fof further charjae. 

[ M 
F. Food to microorganism ratio 

G;' A coflditioh of activated sludge 
during which the sj^ff^tee occupies 
• expessive volume ancrwill not 
readily concentrate. 

H: The a'dherence of a ^as, liquid or 
dissolved rjaterial on the surface 
of a solid. 



I. Ae 



er^^AiofV 



tank contents." 



J. That portion of settled sludge 
removed from the secondary 
clarifier and pumped to the* 
aeration t§nk; 

K. The^takiilg up of one substance into 
the body of another. . ' 

L. That sludge which -is removed from 
the secondary treatment units. 

M. A device through which ^lir^ is 
"blown^ to provide bubbles ^of a^ir 
(oxygen) to the aeration tank j 
^ contents. \ > 



Label the three significant zone^ {p^^e^)^ the l!wo curves and the! axes. 
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?• Given the following data, Calculate: \- 

A* Aeration tank detention -time. ^ ) 

B* Clarifier surf ace settling rate* 

founds .of BOD to aeratv>n* . 

D. Pounds of solids under aecetion* . ^ • 

F/M. ^ 

Raw Waste flow = 10.2 M6D 
Raw BOD concentration =-19^ mg/1 
No primary clarifiers • " 
Aeration tanks - two " . 
Each 284' x 92 '.x 15' 

Secondafy clarifiers - two ' * . ^ 

* J. . • - \ ^ 

Ea# 115* diameter x 12.66' average. depth 
Mixed liquor 'total suspended solids = 3000 mg/1- 
8. List three control techniques or methodologies. 



A. 



B. 
C. 



9.* List those factors the operator can control. 



C. 



10. .List two reas.ons for testing. 

. fi. : : ^ ' -. • ; . 

B. 



ri- 89' 



r 
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I * 

11. Idfentify the org&rVisms shown. 






*^vl2. Label the^fonowing sketches bv process. .^^ * ^ , • ^, 
' ' Clarifier.slucfge fjloW " " - ^lanfier sludge fl 
^ — ^ — 




^ I Secondary 
^ IClarifier 



Clarifier sludge flow -1 





Secondary 
Cla>3fier 



4 



Clarifier studqe flow 



Raw- 
Flow 



Aeration 

Tank . 

Oeten^Rh 
24 hrs. 




0 

ERIC 



Secondary 
Clarifier 




Seconclary 
Clarifier 



Clarifier sludge flow 



Flow 
D 



-Aeration 
Tank \ 
y Detention 
\6 - 8 hr.s' . 
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Ins.tructor filotes 



Topic: 

Evaluation Answers 



) 




Irtstructor Outline: 



1. The contacting of preformed biological floc^ 
(activated sludge) with incoming waste in an 
aeration tahk supplied with sufficient dissolved 
oxygef^ to maintain aerobic conditions th^^'dughout 
the process, followed by l.iauid solids^ separatioi 
in a settling tank. ' . " I 

2. • An adequate-number of microorganisms. ^ 

A suitable environment. 
.An ability to settle. 1 ^ . — 

3. A. Basin in which biological acTTvity oe|urs. 

B. Required foV^micr organisms to life ^irfd 
• ^, break down-waste. , ' ]^ 

C. Jank in which soli* separation occurs: / 

* ' , J 

D; To return s-ludge so^j-ds^rom clarified 'to' 
aeration basin. / ^ / if " ' 




E. To remove exce^ sludge soli 
• . uni ts . 

. Detention time 6 - 8 hrs". 

Overflow rate 600 - 80tJ*Gf^S fPD 

^Pump capacities 15 ~jf%% 

\ Check sketch against 'Figure 7. 

A. 
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Instructor Notes: 
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Instructor Outline: 



I. 

j: 

L. 
M. 



E 

J ' 

L 

F 

G 



6. Check*again^ t Figur e 3 
13.4. hrs. •- - 



B. 490 gal/sq. ft. /day 

"c' 16,350 lb/day 

D. 142,614 lbs. . 

8.* A. Constant MLTSS (MLVSS) 



B 



Ac 



"7^ 



Constant F/M 

C. • Sludge a^ge . 
9. A. Air 

B. Return sludge\ftow 

C'. Waste -Uudge flow 

D. rtode of operation 

10. A. Satisfy permit requirements 

^ B. Process control 
*• 

11. iA. Sarcodin? 

B. " Ciliate. - 

♦ 

C. 'StalJced ciltates , ^ 
, .D^ Flagellate' • i 
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Instructor Motes: \ 
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Instructor Ouifclne: 



12. A. TaR^ red aeration ^ 

B. ' Contact statjilization 

C. Step aeration (step-fe?^X 

D. ^ Conventional" . ' 

E. E-ictended aeration 
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